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Roche Diagnostics GmbH 5499/00/EP 

New forms of soluble Pyrroloquinoline Quinone-dependent 

Glucose Dehydrogenase 

The present invention relates to improved variants of soluble pyrroloquinoline quinone 
(FQQ)-dependent i^wose dehydrogenases (s-GDH), to genes encoding mutated s- 
GDH, to mutant proteins of s-GDH with improved substrate specificity^ for glucose, and 
to different applications of these $-GDH variants, particularly for determining 
5 concentrations of sugar^ especially of glucose in a sample. 

Two types of PQQ-dcpendcnt glucose dehydrogenase (EC 1.1,99,17) have been 
characterized: One is membrane-bound (m-GDH), the other is soluble (s-GDH). Both 
types do not share any significant sequence homology (Clcton-Jansen et al., (1989)^ 
Oubrie, et al. (1999b)). They are also different regarding both their kinetic as well as 
10 their immunological properties (Matsushita et al.» 1995). 

Quinoprotdns use quinone as co&ctor to oxidize alcohols, amines and aldoses to their 
corresponding lactones, aldehydes and aldoUc acids (Duine 1991a,b; Davidson 1993; 
Anthony 19965 Anthony and Ghosh 1997; Anthony 1998; Goodwin and Anthony 1998). 
Among quinoproteins, those containing the noncovalently bound cofactor 2,7,9- 
15 tricarbo3cy-lH-pyrrolo [2,3-£]quinolinc-4,5-dione (PQQ) constitute the largest sub- 
group (Duine 1991), All bacterial glucose dehydrogenases known so far belong to this 
sub-group with PQQ as the prosthetic group (Anthony and Ghosh 1997i Goodwin and 
Anthony 1998). 

In bacteria, there are two completely dififerent types of PQQ-dependent glucose 
20 dehydrogenases (ECl. 1.99*17): the soluble type (s-GDH> and the membrane-bound type 
(m-GDH) (Duine et al., 1982; Matsushita et al.» 19S9a,b). The m-GDHs are widespread 
in Gram-negative bacteria, s-GDHs» however, have been found only in the periplasmatic 
space of Acinetobacter strains, like A calcoaeeticus (Duine, 1991a; Cleton-Jansen et al„ 
1988; Matsushita and Adachi, 1993). 

25 Through searching sequence databases, two sequences homologous to the full-length A 
calcoaeeticus s-GDH have been identified in Rcoli K-12 and Syntchocystis sp. 

Rocbf Diagnostics GmbH I S499/00/£P'WN 



Printed:26-04-2001 



27-10-2000 



EP001 2351 2.6 
-2- 



SPEC 



Additionally, two incomplete sequences homologous to A calcoaceticus s-GDH were 
also found in the genome of P.aeruginQsa and BordeteUa pertussis (Oabrie et aL 1999a), 
respectively. The deduced amino acid sequences of these four xmcharactcrixed proteins 
are closely related to A ealcoaceticus s-GDH with many residu s in the putative active 
5 site absolutely conserved. These homologous proteins are likely to have a similar 
structure and to catalyze similar PQQ-dependent reactions (Oubrie et al., 1999a). 

Bacterial s-GDHs and m-GOHs have been found to possess quite diflBerent sequences 
and different substrate spedfidty. For example* A cdkoaceticus contains two different 
PQQ-dependent glucose dehydrogenases, one m-GDH which is active in vivo, and the 
10 other designated s-GDH for which only in vitro activity can be shown. Cleton-Jansen et 
alo (1988;1989a,b) doned the genes coding for the two GDH enzymes and determined 
the DNA sequences of both these GDH genes. There is no obvious homology between 
m-GDH and s-GDH corroborating the fact that m-GDH and s-GDH represent two 
completdy difierent molecules. 

15 The gene of s-GDH firom A ealcoaceticus has been doned in £ coJi behind a leader 
sequence and a strong promoter. After being synthesized in the cell^ the s-GDH is 
translocated through the cytoplamic membrane into the periplasmic space (Duinc 
1991a, Matsushita and Adachi 1993). Like the native s-GDH from A ealcoaceticus^ s- 
GDH expressed in £.coU is also a homodimer, with one PQQ molecule and three 

20 calcitun ions per monomer (Doktei et aL, 1986a,b; 198B; Olsthoorn and Duine» 1996; 
Oubrie et al., 1999a,b,c). s-GDH oxidizes a wide range of mono- and disaccharides to 
the corresponding ketones which further hydrolyze to the aldonic adds, and it is also 
able to donate electrons to PMS (Phenazine metosuliate)> DCPIP (2>6« 
Dichlorophenolindophenol)» WB (Wurster's blue) and short-chain ubiquinones such as 

25 ubiquinone Ql and ubiquinone Q2 (Matsushita et al., 1989a,b), several artificial 
electron acceptors such as N-methylphenazonium methyl sul&te (Olsthoom and Duine 
1996; 1998) and electroconducting polymers (Ye et al., 1993). 

In view of s*GDH's high specific activity towards glucose (Olsthoorn and Duine 1996) 
and its broad artificial electron acceptor specificity^ the enzyme is well suited for 
30 analytical applications, particularly for being used in (bio-)sensor or test strips for 
glucose determination in diagnostic applications (KauCtnann et aL, 1997). 
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GlucMe oxidation caxi be catalyzed by at least three quite diatinct groups of eruymes^ 
by NAD-dependentt dye-linked glucose dehydrogenases, by flavoprotein gjucoae 
oxidase or by quinoprotein GDH$ (Duine 1995). A rather slow autooxidation. of 
reduced s-GDH has been obsenred, demonstrating that oxygen is a very poor electron 
5 acceptor for s-GDH (Olsdioorn and Ouine 1996). s-GDH can efficiently donate 
electrons to PMS» DCPIP» WB and short-chain ubiquinones such as Ql and Q2, but it 
can not efficiently donate electrons directly to oxygen. 

Traditional test strips and sensors for monitoring ^ucosc level in blood, serum and 
urine e. g. from diabetic patlenbi use glucose oxidase. However, since glucose oxidase 
10 transfers Its dectrons to oxygen, it is known that oxygen may have a negative impact on 
glucose measurements which are based on this enzyme^ The major advantage of PQQ- 
dependent glucose dehydrogenases is their independence from oxygen. This important 
feature is e.g.. discussed in US 6,103,509» in which some features of membrane-bound 
GDH have been investigated. 

15 An important contribution to the field has been the use of s-GDH together with 
appropriate substrates. Assay methods and test strip devices based on s*GDH are 
disclosed in detail in US 5>4S4»708. This patent also contains detailed information on the 
set-up of assays and the production of s-GDH-based test strips for measurement of 
glucose. The me^ds described there as wdl in the dted documenU is herewith 

20 included by reference. 

Other patents or applications relating to the field and comprising specific information 
on various modes of applications for enzymes with glucose dehydrogenase activity are 
US 5.997,817; US 6,057,120; EP 620 283; and JP 11-243949-A. 

A commercial system which utilizes s-GDH and an indicator that produces a color 
25 change when the reaction occurs (Kaufmann ct al. 1997) is the Glucotrend* system 
distributed by Roche Diagnostics GmbH. 

Despite the above discussed important advantages there also is a major inherent 
problem of s-GDH. S-GDH has rather a broad substrate spectrum as compared to m- 
GDH. That is, s-GDH oxidizes not only ^ucose but also several other sugars including 
30 maltose, galactose, lactose, mannose, xylose and ribose (Dokter et al. 1986a). The 
reactivity towards sugars other than glucose may in certain cases impair the accuracy of 
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determining blood glucose levels, in some diabetic patients. In particular patients on 
peritoneal dialysis treated with icodextrin (a glucose polymer) may contain in their body 
fluids, e,g.> in bloodj high levels of other sugars^ specially maltose (M. Dratvra> et al.» 
Pent. Dial. Int. 1998 Nov-Dec;18(6):603-9). 

5 Therefore clinical samples, as e.g. obtained from diabetic patients> especially &om 
patients with renal complications and especially from patients under dialysis may 
contain significant levels of other sugars, especially maltose. Glucose determinations in 
samples obtained, eg., from such critical patients may, be impaired by maltose. 

There are scarce reports in the literature on attempts to produce modified FQQ- 
10 dependent s-GDHs which exhibit altered substrate specificity. Due to a negative 
outcome most of these efforts have not been published Igarashi et aL» (1999) report that 
introducing a point mutation at position Glu277 leads to mutants with altered substrate 
specificity profile. However, none of these mutants, lead to an at least two-fold increased 
improved specificity for glucose as e.g., compared to xylose> galactose or maltose. 

15 It can be summarized that the attempts known in the art aiming at improvements of 
properties of s-GDH, especially its specificity towards glucose, have not been successful 
to the extend required for accurate monitoring of glucose levels in patients having high 
levds of sugars other than glucose. 

A great demand and dinical need dierefore exists for mutant forms of s-GDH which 
20 feature an improved specificity for glucose as substrate. 

It was the task of the present invention to provide new mutants or variants of s^GDH 
with significantly improved substrate specificity for glucose as compared to otiier 
selected sugar molecules, e.g., like galactose or maltose. 

Surprisingly it has been found that it is possible to significantly improve the relative 
25 specific activity of s-GDH for glucose, as compared to other sugars, and to at least 
partially overcome the above described problems known in the art 

The substrate specificity for glucose as compared to other selected aujjar molecules has 
been significantly improved by providing mutant s-GHD according to the present 
invention as described herein bdow and in the appending claims. Due to the improved 
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substrate specificity of the new forms of s-GDH significant technical progress for glucose 
determinations in various fields of applications is possible. 

Summary of the invention: 

It has now surprisingly been found that it is possible to provide s-GI)H mutants with 
5 improved substrate specificity towards glucose as a subatrate as compared to other 
selected sugars. New s-GDH variants are disclosed which exhibit a significant higher 
substrate specificity for glucose, especially as compared to maltose* 

Also disclosed are mutant s-GDH molecules, which, compared to the wild-type enzyme, 
exhibit essentially the same specific activity for glucose as substrate but markedly 
10 reduced activity for other selected sugar molecules. 

Such comparison of specific activities for various substrate molecules is based on and 
calculated in relation to the original enzynuitic activities of a wild-type enzyme, e.g., as 
isolated from Adnetobactcr cakoaceticus. 

Mutated s-GDH proteins as well afi polynudeotide-sequences coating for such proteins 
15 exhibiting improved properties, especially increased specificity for glucose are also 
provided. 

s-GDH mutants comprising at least one amino acid substitutions at a position sdected 
from the group cx>n5isting of positions 348 and 428 (numbered according to the mature 
s-GDH protdn of A calcoaceticus) have been found to provide for a-GDH enrymes with 
20 improved properties, especially with improved specificity for glucose. 

The improved s-GDH mutants can be used with great advantage for the specific 
detection or measurement of glucose in biological samples^ especially in tests strip 
devices or in biosensors. 

The following examples, references, sequence listing and figures are provided to aid the 
25 understanding of the present invention, the true scope of which is set forth in the 
appended claims. It is imderstood that modifications can be made in the procediires set 
forth without departing firom the spirit of the invention. 
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Figure 1: Nucleotide (DNA) sequence of the Aeinetobacter calcoaceticus PQQ dependent 
soluble glucose dehydrogenase gene and the correiponding amino acid sequence. 

5 Figure 2: Protein sequences of A. calcoaceticus PQQ-dependent s-GDH and A. baumanni 
s-GDH aligned according to sequence homology. 

Figure 3! Illurtration of pACSGDH vector referred to in Example 1 containing the wild- 
type or mutated DNA sequences of soluble PQQ-dependent glucose dehydrogenase. 

Figure 4: Nucleotide (DNA) sequence of the pACSGDH vector referred to in Example L 
10 containing the wild-type DNA sequence of soluble PQQ-dependent glucose 
dehydrogenase. 

Detailed description of At invention: 

In a first embodiment a mutant of the soluble form of ECl . 1.99,17 also known as PQQ- 
dependent soluble glucose d^ydrogeDase (s-GDH), said mutant characterized in that it 
15 has an at least two-fold improved substrate specificity for ^ucose as compared to at 
least one other selected sugar substrate is described. 

As discussed above, two completely diffierent enzyme fiuniliea with glucose 
ddiydrogenase activity, grouped together under EC1.1.99J7» are characterized to date. 
These two enzyme families^ however, appear not be related to each other. 

20 For the purpose of this invention only the soluble form of GDH is relevant and 
discussed herein below. 

It is known in the art that the wild-type DNA-scquence of such soluble PQQ-dependent 
glucose dehydrogenase can be isolated &om strains of Adnetobacter* Most preferred is 
the isolation from Acinetobacter caIcoacetici4S'typt strand LMD 79.41. The sequence of 
25 this wild-type s-GDH (the mature protein) is given in Figure: 1. Other LMD strains of 
Acinetobacter may also be used as source of wild-type s-GDH. Such sequences can be 
aligned to the sequence obtained horn A. calcoaceticus and sequence comparisons be 
made (see Figure: 2). It also appears feasible to screen DNA-libraries of other bacterial 
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strains, as for example described for e.g. E.coli K-12 (Oubrie et al., 1999a) above and to 
identify sequences related to s-GDH in such genomes. Theoretically, such sequences 
might also be used to generate s-GDH mutants with improved substrate specificity for 
glucose. 

5 The term '*mucant'' or "variant"* in the sense of the present invention relates to a s*GDH 
protein which compared to a corresponding wild-type sequence exhibits at least one 
amino acid substitution. The esqpert in the field will appreciate that there are various 
possibilities to produce polyonudeotides encoding for such a polypeptide sequence of 
mutated s-GDH. It is of course also possible to generate mutants comprising one or 
10 more additions or deletions of amino acids. 

A mutant according to the present Invention is characterized in that it has at least a two- 
fold improved substrate specificity for glucose as compared to at least one other selected 
sugar substrate. 

In order to calculate the substrate specificity or cross-reactivity one easy way is to set the 
15 activity measured with glucose as substrate to 1CX)% and to compare the activity 
measured with the other selected sugar to the glucose value. Sometimes, in order not to 
be redundant, simply the term specificity is used without making special reference to a 
selected other sugar substrate* 

The expert in the field wiU appreciate that comparison of (re-)activities is best made at 
20 equimolar concentrations of the substrate molecules investigated using well-defined 
assay conditions. Otherwise corrections for differences it) concentrations have to be 
made. 

Standardized and well-defined assay conditions have to be chosen in order to assess 
(improvements in) specificity. The enzymatic activity of s-GDH for glucose as substrate 
25 as well as for other selected sugar substrates is measured as described in Example 6. 

Based on these measurements cross-reactivlty and (improvements in) specificity are 
assessed. 

The s-GDH (cross- )reactivity for a selected sugar in percent is easily calculated as 

Roche DUgnoidcs GmbH I S499/00/£P>WN 



Printed:26-04-2001 



7 



27-1 0-2000 EP001 2351 2.6 " SPEC 

-8- 

Croas-reactivitjr a (activity selected sugar/activity glucose) x 100%. 

CCio«-)rcactivity for maltoBc of wild-type s-GDH according to the above formuia ha$ 
been determined as about 105%. Wild-type s-GDH (cros6-)reactivity for galactose has 
been measured as about 50% Ccf. Table 1). 

5 (Improved) specificity is calculated according to the following formula: 

activity glucoae mutant activity selected sugar wild- 

type 

specificity (improvement) — x — 

10 activity glucose wild-type activity seleaed sugar 

mutant 

As compared to the wild-type enzyme, a s-GDH form with an at least two-fold 
improvement in specificity for glucose versus maltose (maltose/glucose) accordingly 
with maltose as substrate has at most 52,5% of the activity as measured with glucose as 
15 substrate. Or, if, for example a mutant s-GDH has a cross-reactivity for maltose of 20 % 
(determined and calculated as desaibed above)> this mutant as compared to the wild- 
type s-GDH therefore has a 5^25 fold improved substrate specificity (maltose/glucose). 

The term ''specific activity* for a substrate is well known in the art> it is preferably used 
to describe the enzymatic activity per amount of protein. Various methods are known to 
20 the art to determine specific activity of GDH molecules, using glucose or other sugars as 
substrates <K. Sode et al., Biochemical and Biophysical Research Commimications 
(1999) 264, 820- 824). One of the methods available for such measurement is described 
in detail in the Examples section. 

Whereas it is possible, to select many different sugar molecules and to investigate the 
25 specificity of s-GDH in comparison to any such sdected sugar molecule, it is preferred 
to select a clinically relevant sugar molecule for such a comparison. Preferred selected 
sugars are selected from the group comprising mannose, allosei galactose* xylose, and 
maltose. Preferably.* maltose or galactose are selected and mutant s*GDH is tested for 
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improved substrate specificity compared to galactose or maltose. In a further preferred 
embodiment the selected sugar is maltose. 

It has surprisingly been found that the improvements in specificity of mutated s-GDH> 
e.g.» for maltose vs. glucose, arc quite considerable. It is therefore preferred that said 
5 substrate spedficity for glucose as compared to the substrate specificity for at least one 
of the selected other sugar substrates is improved at lea^t three-fold. Other preferred 
embodiments comprise s-GDH mutants characterized by an improved substrate 
specificity for glucose* which is at least 5 times or also preferred at least 10 times hi£^er> 
as compared to the other sugar molecule(s) selected. 



10 Evolution and pressure of natural selection has led to wild-type $-GDH, with ^^optimal" 
biological properties. Mutations in this enzyme diereibre in many cases are likely to lead 
to mutants with reduced specific activity for the substrate glucose. Such decrease in 
(absolute or overall) specific activity £br the substrate glucose, however, nuiy be critical 
for routine applications. Surprisingly it has been found that improved specificity for 

15 glucose must not go to the expense of reduced overall specific activity. It is therefore 
preferred diat die s-GDH with improved specificity towards the substrate glucose 
exhibits at least 10% of the glucose specific activity as measured for the wild-type 
enzyme* It is of course more preferred that such mutated enzymes exhibit at least 20 or 
more preferred at least 50% of the respective glucose activity of wild- type s-GDH. 



20 In a further preferred embodiment* the invention relates to a mutant of the soluble form 
of ECLl.99.17 also known as PQQ-dependent soluble glucose dehydrogenase (s-GDH)* 
said mutant characterized in that 

a) the substrate specific reactivity towards glucose is essentially comparable to that of 
the wild-type enzyme and 

25 b) the substrate specific reactivity towards maltose is 30% or less as compared to the 
wild-type enzyme. 

The specific (re)actiYity towards glucose is considered to be essentially comparable to 
that of the wild-type enzyme if at least 50% of the original enzymatic activity for glucose 
of the wild-type enzyme is maintained. Also preferred are mutants exhibitit^ at least 80 
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% or more prefierred» at least 90 % of the specific activity for glucose as measured for the 
wild-type enzyme* 

Quite surprisingly it has been found, that it iB possible to obtain such s^GDH mutants or 
variants, which eschibit essentially the same enzymatic activity for glucose as the wild- 
5 type s-GDH but, nonetheless^ significantly reduced substrate specific reactivity towards 
other selected sugars, especially towards maltose. Mutants characterized in that the 
substrate specific reactivity towards glucose is essentially comparable to that of the wild- 
type enzyme and in that the substrate specific reactivity towards maltose i$ 20% or less 
as compared to the wild-type enzyme arc preferred. Further preferred are such mutants 
10 with which the maltose specific activity is 15 % or even only 10% or less of the maltose 
specific activity as measured for the corresponding wild-type ensyme* 

Unesq^ectedly it has been found that it is possible to generate s-GDH mutants with 
improved relative specific activity and even more unescpected it has been found that it is 
only a few well-defined amino acid positions which are of major relevance in that 
IS respect. 

Mutants comprising only a single substitution of amino acid 277 did not lead to an at 
least two-fold improvement of substrate spedfidty for gIucose> e.g., as compared to 
galactose or maltose. 

It has now surprisingly been found, that substitutions at amino acid positions 348 and 
20 428 are extremely important to generate s-GDH mutants or variants with significantly 
improved specificity for glucose. 

Residues 348 or 428 are not known to contribute to the substrate binding of s-GDH as 
identified and known in the art (BW. Dijkstra et al.,£MBO J 1999 Oct 1;18{19):5187. 
94; Oubrie, A.| Dijkstra, B.W., 2000). No chemical or physical cscplanation is at hand, 
25 why substitutions of these amino add residues alters the relative specific activity of 
GDK for glucose as compared to other sugar molecules of interest. 

As demonstrated In table li it has been found that a variety of s-GDH variants with 
improved specificity for glucose can be identified and generated^ as long as at least one 
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of the amino adds in positions threonine 348 or glutamine 42S - as corresponding to 
wild-type s-GDH sequence positions from A calcoaccticus - is substituted with 
appropriate other amino acids. 

It has been found in addition that substitution of amino acid 76 aUo has a positive effect 
5 on glucose specificity of s-GDH. 

In a preferred embodiment the mutant protein of a FQQ-dependent s-GDH according 
to the present invention comprises at least one amino add residue substitution at a 
position selected from the group consisting of positions 34B» and 428 of the 
corresponding wild-type sequence of A calcoaceiicus. 

10 s-GDH variants comprising a substitution of the amino add threonine in position 348 
are most prefexred. 

In a further preferred embodiment the mutated s-GDH is characterized in that the 
amino add residue threonine at position 348 is substituted with an amino acid residue 
selected from the group consisting of alanine, glycinet and serine. In a most preferred 
15 embodiment glycine is used to substitute for threonine at position 348. 

One group of preferred S-GDH variants according to this invention comprises a 
substitution of the amino add residue at position 348 and at at least one of the following 
positions 76, 143^ 168> 169and428, 

In yet a further embodiment a mutant protein of PQQ-dependent s-GDH comprising 
20 an amino add residue substitution at position 428 of the correspondent wUd-type 
sequence from Acinetobacter cakoaccticus is disdo5ed> in which the aspuagine residue of 
the wild-type sequence is replaced by other appropriate amino add residues. Preferably, 
such amino add residue is sdccted from the group consisting of leucine* proline and 
valine. It is preferred to substitute the asparagine at position 428 with proline • 

25 It further has proved that the amino add glutamine at position 76 can be substituted to 
improve on the problems Imposed by s-GDH cross-reactivity with other sugar 
molecules. In another preferred embodiment the mutant according to the present 
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invention therefore comprises a substitution of glutamine it position 76 of the 
corresponding wild-type sequence from Acinetcbacttradcoaceiicus. 

It is preferred to select the amino add used in such substitution from the group 
consisting of alanine, aspartic add, glutamic add, glycine, methionine, proline and 
5 serine. 

As described above, the substitution of at least one amino add in positions 348, and'or 
428 of the s-GDH sequence corresponding to the wild-type sequence isolated from A. 
calcoaceticuSf can be iised to significantly improve the glucose apecifidty of s^DH. 
Further improved mutants are obtained by providing a mutant s-GOH protein 

10 comprising at least two amino add substitutionsi at least one of these being 
corresponding to amino add position 76, 348, and/or 428. A further embodiment of the 
present invention therefore is a mutant protein of PQQ-dcpendent s-GDH with 
improved glucose specifidty, comprising at least two amino acid residue substitutions^ 
that substituted amino add positions being selected from the group consisting of 

15 position 16. 22> 76, 116, 120, 127, 143, 168, 169, 171, 177. 227, 231, 255, 277, 295, 299, 
308, 317, 348, 355, 422, 428 and 438, of the corresponding mature A. calcoaceticut 
soluble PQQ* dependent a-GDH, characterized in that at least one of the amino add 
rcsiduca, T348 or N428 ia replaced. 

It is further preferred, that the at leaat two amino add reaidues comprise a substitution 
20 in position 348 and at least one additional substitution selected from the group of 
positions comprising positions 76, 143, 168, 169, and 428. 

In a further preferred embodiment the at least two amino add positions which axe 
substituted in a mutant s-GDH are elected from the group consisting of amino add 
position 76, 348, and/or 428. 

25 Mutanta comprising substitutions at amino add residues corresponding to positions 348 
and 428 have been found as v«y advantageous for improving the spedficity of s-GDH 
for glucose in comparison to other sugar substrates.. It is especially preferred to design 
and select mutants of s-GDH, which comprise a substitution at both the positions 348 
and 428. Most preferred are mutants comprising the preferred substitutions at bo^ 

30 these positions as descnl>ed above. 
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The vtmtit compruing T348G and N42aP U mott preferred. This terminology T348G 
and N428P i$ known to the art to indicate that threonine at position 348 ia replaced by 
glycine and glutamine and position 426 ia replaced by proline. 

Mutant s-GDH proteins comprising in addition to substitutiona at positions 348 and 
5 428 also substitutions at positions 76> 127 and 143s also represent preferred 
embodiments of the present invention. 

Further preferred examples of mutated s-GDH proteins according to the present 
invention comprise amino acid substitutions at positions 76 and 348 and also such 
mutants comprising substitutions at positions 76 and 426. In yet another preferred 
10 embodiment the mutated a-GDH protein according to the present invention comprises 
substitutions of the amino acid residues at poaitions 76> 348 and 428. 

Amino acid sequence analysis revealed that the sequence motives found in wild-type s- 
GDH from A cakoaceticus on the one hand and A baumarmii on the other hand appear 
to be very conservative around the positions of major relevance to improve the 
15 specificity for glucose as identified in the present invention, i.e. positions 76, 346, and 
428» as corresponding to wild-type s-GDH from A edlcoacetlais (c.£. Figure 2). 

A preferred embodiment according to the present invention therefore is a mutant 
protein of PQQ-dependent s-GDH comprising the amino add sequence of 
WPXaaVAPS (SEQ ID NO: 1). SEQ ID NO:l corresponds to position 346-352 of A. 
20 cakoaceticus wild^type s-GDH or position 347-353 of A baumannii wild-type s-GDH, 
wherein said Xaa residue is an amino acid residue other than threonine. 

It is further preferred that Xaa in SEQ ID NO: 1 represents ^ydne. 

A mutant of PQQ-dcpendent s-GDH, comprising the amino acid sequence of 
TAGXaaVQK <SEQ ID NO: 2) is another preferred embodiment of the invention. SEQ 
25 ID NO:2 corresponds to position 425-431 of A cakoaceticus wild-type s-GDH or to 
position 426-432 of A baumannii wild-type s-GDH» wherein said Xaa residue is an 
amino acid residue other than asparaginei. 
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Most preferably the fl-GDH mutant comprising SEQ ID NO:2 is characterized in that 
said Xaa residue is proline residue. 

Niunerous possibilities are known in the art to produce mutant proteins. Based on the 
important 6nding$ of the present invention disclosing the critical importance of amino 
5 add positions 348 and 428 and also the utility of position 76, the skilled artisan now can 
easily produce further appropriate variants of s-GDH» Such variants for esoonple can be 
obtained by the methods known as random mutagenesis (Leung» D.W,, et al.» 1989) 
and^or directed mutagenesis (Struhl, IC, et al. 1987). An alternative method to produce a 
protein with the desired properties is to provide chimaeric constructs* which contain 
10 sequence elements from at least two different sources. Such procedures known in the art 
may be used in combination with the information disclosed in the present invention to 
provide mutants or variants of s-GDH comprising at least one amino add at sequence 
positions 348. and/or 428 of s-GDH. 

According to procedures known in the state of the art or according to the procedures 
15 given in the Examples section, it is possible to obtain polynucleotide sequences coding 
for any of the s-GDH mutants as discussed above. The invention therefore comprises 
also isolated polynucleotide sequences encoding s-GDH mutant proteins as described 
above. 

The present invention further includes an expression vector comprising a nucleic add 
20 sequence according to the present invention opeiably linked a promoter sequence 
capable of directing its e9q>ression in a host ceil. 

The present invention further indudes an expression vector comprising a nuddc acid 
sequence according to the present invention operably linked to a promoter sequence 
capable of directing its expression in a host cell. Preferred vectors are plasmids such as 
25 pACSGDH shown in F^ures 3 and 4. 

Expression vectors useful in the present invention typically contain an origin of 
replication, a promoter located upstream of the DNA sequence and are followed by the 
DNA sequence coding for all or part of s-GDH variants. The DNA sequence coding for 
all or part of the s-GDH variants is followed by transcription terroinadon sequences and 
30 the remaining vector. The agression vectors may also include othei* DNA sequences 
Koche Diagnostioi GmW I M99/0(VEP.WrN 
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known in the art> for example^ stabilityr leader sequences which provide for stability of 
the e3q>ression product, secretory leader sequences ivhich provide for secretiozi of the 
expression product, sequences which allow expression of the structural gene to be 
modulated (e.g., by the presence or absence of nutrients or other inducers in the growth 
S medium), marking sequences which are capable of providing phenotypic selection in 
transformed host cells» and the sequences provide sites for deavage by restriction 
endonucleases. 

The characteristics of the actual expression vector used must be compatible with the 
host cell, which Is to be employed. For example, when cloning in an H.coh cell system, 

10 the expression vector shotdd contain promoters isolated from the genome of ExoU cells 
(eg., I tocs or trp). Suitable origins of replication in KcoU various hosts include, for 
example, a ColEl pUsmid replication origin. Suitable promoters include, for example, 
the, lac, and trp. It is also preferred that the ejcpression vector include a sequence coding 
for a selectable marker* The selectable marker is preferably an antibiotic resistance gene. 

15 As selecUble markers, ampidllin resistance, or canamydn resistance may be 
conveniently employed. All of these materials arc known in the art and are commerdally 
available. 

Siaitable expression vectors containing the desired coding and control sequences may be 
constructed using standard recombinant DNA techniques known in the art> many of 
20 which are described in Sambrook et al. (1989). 

The present invention additionally concerns host cdls containing an expression vector 
which comprises a DNA sequence coding for all or part of the mutant s-GDH. The host 
cells preferably contain an expression vector that comprises all or part of one of the 
DNA sequences having one or more mutations shown in Table 1. Further preferred are 

25 the host cdls containing an expression vector comprising one or more regulatory DNA 
sequences capable of directing the replication and/ox the expression of, and operatively 
linked to a DNA sequence coding for, all or part of mutant s-GDH. Suitable host cells 
include, for example, E.coli HBlOl (ATCC 33694) available from Pomcga (2800 Woods 
Hollow Road, Madison, WI, USA), XXl-Blue MRP available from Stratagcne (llOU 

30 North Torrey Pine Road, La JoUa, CA, USA) and the like. 
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Exprcfision vcctora may be introduced into ho€t celU by various methods kn wn in the 
art. For example, transformation of host cells with cxprettion vectors can be carried out 
by polyethylene glycol mediated protoplast transibrmad n method (Sambrook et al. 
1989). However, other mediodf for introducing expression vectors into host ceIU» for 
5 example, electroporation> biolistic injection* or protoplast fusioni can also be employed. 

Once an expression vector containing s-GDH variants has been introduced into an 
appropriate host cell, the host cell may be cultured under conditions permitting 
eiq>ression of the desired a-GOH variants. Host cells containing an es^ression vector 
which contains a DNA sequence coding for all or part of the mutant s-GDH are, e.g., 
10 identified by one or more of the following general approaches; DNA hybridization, the 
presence or absence of marker gene functions* assessment of the level of transcription as 
measured by the production of $-GDH mRNA transcripts in the host cell, and detection 
of the gene product immunologically. Preferably transformed host celk are identified by 
exixyme assay, e.g., colorimetric detection. 

15 The present invention also teaches the generation and screening of s-GDH variants. 
Random mutagenesis and saturation mutagenesis is performed as known in the art. 
Variants are analyzed for substrate specificity for glucose, maltose as well as other sugars. 
The assay conditions chosen are adapted to ensure that the expected small 
enhancements brought about e.g., by a sin^e amino acid substitution, can be measured. 

20 This has been accomplished by adjusting the assay conditions such that the wild type (or 
parent) enzyme activity is close to the lower detection limit One mode of selection or 
saeening of appropriate mutants is given in Example 3. Any change or improvement as 
compared over the wild-type enzyme this way can be clearly detected. 

It should, of course, be understood that not all e]q>ression vectors and DNA r^ulatory 
25 sequences would function equally well to express the DNA sequences of the present 
invention. Neither will all host cells function equally well with the same expression 
system. However, one of ordinary skill in the art may make a selection among 
eaq>ression vectors, DNA regulatory sequences, and host cells using the guidance 
provided herein without tmdue ej^erimentation and without departing fi-om the scope 
30 of the present invention. 
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The invention also relates to a proc€$$ for producini; s-GDH variants of the current 
invention comprising cultiiring a host cdl of the invention under conditions suitable for 
production of tlie mutant s-GDH of the invention. For bacterial host cells, t/pical 
culture conditions are liquid medium containing the appropriate antibiotic and 
S induction agent. Typical appropriate antibiotics include axnpidllin, canamydn, 
chloToamphenicol, tetrocyclin and the like. Typical induction agents include IPTG. 
glucose* lactose and the like. 

It is preferred that the pdypeptidei of the present invention are obtained by production 
in host ceUs expressing a DNA sequence coding the mutant s-GDH. The polypeptides of 
10 the present invention may also be obtained by in vitro translation of the mRNA 
encoded by a DNA sequence coding for the mutant s-GDH. Pot example, the DNA 
sequences may be synthesized as described above and inserted into a suitable expression 
vector, which in turn nuy be used in an in vitro transcriptionytranslation system. 

An expression vector comprising an isolated polynucleotide as defined and desaibed 
15 above operably linked to a promoter sequence capable of promoting its expression in a 
cell-free peptide synthesis system represents another preferred embodiment of the 
present invention. 

The polypeptides produced e.g. by procedures as describe above, may then be isolated 
and purified using various routine protein purification techniques. For example, 
20 chromatographic procedures such as ion exchange chromatography, gd filtration 
chromatography and affinity chronuitography may be employed. 

One of the major applications of the improved s-GDH variants of this invention is for 
the use in test strips to monitor blood-glucose level in diabetic patients. Due to the 
Insensitivity of PQQ-dependent glucose dehydrogenase towards oxygen, a system using 
25 the improved s-GDH variants is less prone to interference by oxygen than systems based 
on glucose oxidase* More important, since the s-GDH variants have improved specificity 
towards ^ucose and significantly decreased relative enzymatic activity towards ofher 
sugars, the interference due maltose, galactose, and/or other related sugars which may be 
present in a sample to be analyzed is significantly reduced. Of course many kinds of 
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saznplcs may be investigated. Bodily fluids like serum, plasma, interstitial fluid or urine 
are preferred sources for such samples. 

The invention also comprises a method of detecting, determining or measuring glucose 
in a sample using a s-GDH mutant according to the present invention. It is especiaUy 
5 preferred that the improved method for detection of glucose in a sample ia characterized 
in ihat said detection, determination or measurement of i^ucose b performed using a 
sensor or test strip device. 

Also within the scope of the present invention is a device for the detection or 
measurement of glucose in a sample comprising an s-GDH mutant according to this 
10 invention as well as other reagents required for said measurement. 



The s-GDH variants with improved substrate specificity of this invention can also be 
used to great advantage in biosensors (D'Costa et al., 1986, Laurinavidus et aL, 1999a,b) 
for online monitoring of ^ucose in a sample or a reactor. For this purpose, the s-GDH 
variants can, for GUUBiplc, be used to coat an oxygen-insensitive glassy electrode with an 
15 osmium complex containing a redox conductive epoxy network (Ye et al., 1993) for 
more accurate determination of the glucose concentration. 

There are also other possible applications of the s*GDH variants with the improved 
substrate specificity according to thi« invention. For example, these s-GDH variants may 
be used in an aldonic acid production process. Wild-type s-GDH has a high turnover in 
20 substrate oxidation producing gluconic and other aldonic acids. By using the s-GDH 
variants, which are more specific for glucose* the production of gluconic acid would 
result in much less byproducts* With other s*GDH variants of different substrate 
specificity, it is possible to produce different aldonic acids as required* 



In the following examples, all reagents, restriction enzymes, and other materials were 
25 obtained from Roche Diagnostics and Roche Molecular Biochemicals, unless other 
commercial sources are specified, and used according to the instructions given by the 
suppliers. Operations and methods employed for the purification, characterization and 
cloning of DNA arc well known in the art (Current Protocols in Molecular Biology 
Volume 1-43 Edited by P.M. Ausubd, R.Brent, R.E. Kingston, D.D.Moore, J.G.Seidman, 
30 JA.Smith, K.Struhl^ Massachusetts General Hospital and Harward Medical School by 
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]ohn Wiley & Sons, Inc.) and can be adapted as requited by the skilled artisan.The 
following examples further illuatrate the present invention. These examples are not 
intended to limit the scope of the present invention* but provide further understanding 
of the invention. 

5 EMlBpkH 

Cloning and expression of the wild-type A. calcoaceticus soluble PQQ dependent 
^ucoae dehydrogenase in£.coli 

The s-GDH gene was isolated from Acinetobacter calcoaceticus strain LMD 79.41 
10 according to standard procedures. The wild*type s-GDH gene was subcloned into a 
plasmid containing the mgl promoter for adjustabd expression (cf. Patent application 
WO88/09375). The new construct was called pACSGDH (see Figures J and 4). The 
recombinant plasmids was introduced into a host organism selected from the Rcoli 
group. These organisms were then cultivated under appropriate conditions and colonies 
15 showing s-GDH activity selected. 

The plasmid pACSGDH was isolated from a 200 ml over-night culture of the clone 
mentioned above usii^ the QIAGEN Plasmid Ma3d Kit (Qiagen) according to the 
manufacturers protocol. The plasmid was re-suspended in 1 ml bidest. water. The 
concentration of the plasmid was determined using a Beckman DU 7400 Photometer, 
20 The yield was 600 |ag. Then the quality of the plasmid was determined by agarose gel 
electrophoresis. 

Mutagenic PGR 

25 To generate random mutations in the s-GDH-gene, mutagenic PGR {polymerase chain 
reaction) was performed The pACSGDH plasmid and the DNA sequence encoding the 
mutated enzymes (PGR product from mutagenic PGR) were digested with the 
restriction enzymes Sph 1 and Eco RI. The products were gel purified. The digested DNA 
sequences were ligated and an aliquot of the ligation reaction mixture was used to 
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traiuforxn competent KeoU cellB. The trensfoxmants were «tibaequently sdccted on LB 
plates containing unpidUin. 

To Miay> individual coloniei were chocen, grown over night in LB medium containing 
ampidllin and subjected to screening (see Bxamplc 3) . 

5 Mutagenic PGR reaction mixture: 

40 ng pACSGDH 

1 X buffer without MgQZ (Roche Diagnostics GmbH, Cat. 1699 105) 
dCTP, dTTP ImM 

dATP, dGTP 0.2 mM (Roche Diagnostics GmbH, Cat 1969 064) 

40 praol GF23-Priiner (5'-CGC GCA CGC GCA TGC CGC CGA TGT TC) (s SEQ ID 
NO: 4) 

40 pmol GR23 (5'-GAC GGC CAG TGA ATT CTT TTC TA) (= SEQ ID NO: 5) 
7mMMga2 
0.6 mM MnC12 

5 U Taq DNA polymerase (Roche Diagnostics GmbH, Cat 1146 165) 

Gene Amp PGR System 2400 (Perkin Elmer), 30 cycles; 95 "C 1 min, 45 "C 2 min, 72 "C 
2 min 

- Purification of the PGR products using the High Pure PGR Product Purification Kit 
from Roche Diagnostics GmbH (Cat. 1 732 676) according to the manufiicturers 
protocol. 

- Digestion of the PGR-firagments with 25 U SphI (Roche Diagnostics GmbH, Cat 606 
120) in 1 xbuifor H (Roche Diagnostics GmbH, Cat 1 417 991) at 37 "C over night; 
addition of 25 U EcoRI (Roche Diagnostics GmbH, Cat 703 737) and further 
digestion for 3.5 hours 

Rodu Diagnoitiw GnibH 1 9499/00/EP-WN 
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- Digestion of 50 pACSGDH with 180 U SphI and 180 U EcoKI in 1 x buffer H for 
4 hours at 37 C. 

- Gei electrophoresis with the digged pACSGDH and the digested fragments using 
agarose gds (0.8 %) 

5 - Extraction of the DNA molecules using QlAqulck Gel Extraction Kit (Qiagen» Cat. 
28706) according to the oianufiEicturcrs protocol 

- Determination of the concentration of the fragments and the digested vector using a 
Beckman DU 7400 Photometer 

- Determination of the quality of the purified products by agarose gel electrophoresis 

10 - Ligation of 100 ng digested vector with 140 ng mPCR-fragments using 1 U T4-DNA- 
Ligase (Roche Diagnostics GmbH, Cat. 481 220) in a volume of 20 yl at 16 ^C over 



- Electroporation of dectrocompetent XLlF- cells (Stratagene) with 1 |il of the 
ligation reaction with 2.5 KV in 0.2 cm cuvettes using a BioRad E.coli Pulser 

15 (BioRad) 

- After growth in 1 ml LB at 37 ^C for one hour, bacteria were plated on LB* 
Amplcillin Agar plates (100 ^g / ml Ampidllin) and grown over night at 37 ^C. 

- 50 % of these clones expressing mutated a-GDH were active using the following 
screening method. 

20 F,ymppts 



The mutant colonies on agar plates described above where picked in microtiter plates 
(mtp) containing 200 ^1 LB-AmpicOlin-media/well and incubated over night at 37 ^C. 
These plates are called master plates. 

Roche DiagxLOidci GmbH 1 5499/00/BP-WN 
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From each muter plate, 5 fxl sampWwcU was transferred to a mtp containing 5(J B- 
per/wdl ( Bacterial Protein Extraction Reagent Pierce No.78248) for cell disruption and 
240(il of 0.0556 mM pyroUo-quinoline quinone(PQQ); 50 mM Hepea; 15 mM CaQl 
pH 7,0/well for activation of $-GDH were added. To complete the formation of the 
5 holoenzyme, the mtp was incubated at 25''C for 2 hours and at 10 over night. This 
plate is called working plate. 

Prom the working plate 2 x lOjol sample/hole were transferred to two empty ratps. After 
that, one was tested with ^ucose and the other with maltose or other sdected sugar 
moleosles aa a substrate. All sugar molecules were used in equimolar concentrations. 

10 The dE/min was calculated and the value using glucose as substrate was set to 100% 
activity. The value obtained with the other sugar was compared to the glucose value and 
calculated in percent activity ((dE/min Maltose/dE Glucose)^ 100). This is equivalent to 
the cross^reactivity of the (mutant) enzyme. 



15 Sequencing of mutant s-GDH gene from mutagenic PGR 

The plaamid containing the mutant s-GDH gene that leads to 50 % maltose/glucose 
activity was isolated ( High Pure Plasmid Isolation Kit, Roche 1754785) and sequenced 
using an ABI Prism Dye Terminator Sequencing Kit and ABI 3/73 and 3/77 sequencer 
(Amersham Pharmacia Biotech). 



20 Following primers were used: 



Sense atrand : GDH P2 ; 5'-TTA ACG TGCTGA ACA GCC GG-3' (« SEQ ID NO: 6) 



GDH F3: y-GAT GOT GAT GGG GAG AAT GG-3' (= SEQ ID NO: 7) 



GDH F4: 5^ -ATA TGG GTA AAG TAG TAG GC -3' (= SEQ ID NO: 8) 



GDH F5: 5'-ACG ATC CAA CTT GTG GAG AG-S' (« SEQ ID NO: 9) 



25 Antisenae stand.GDH Rl: 5'-CGA TTA AGT TGG GTA ACG CC-3' (= SEQ ID NO: 10) 

Roche Di^gnOiCics GmbH I 5499A)CVEP-VirN 
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GDH R2: S'-ATA CGG AAA ATG ACA CCA CG-3' (= SEQ ID NO: U ) 



GDH R3: 5'-GGG CCT TGT TCA GACTGC AA-3' (« SEQ ID NO: 12) 



GDH R4: 5'-CAA GAG GAG CTG ACT GAT GG y SEQ ID NO: 13) 



GDH R5: 5'-CAT AAC AAC GCG TGC GGC TT-3' (= SEQ ID NO; U) 



5 ItgJtultA! 

=>6 mutations on DNA sequence Icvd 

=> 4 mutations on amino acid level; at position 340 (mature enzyme) change firom E 
toG 



?i T ffi m p1 f ^- 

A-GDH mutants obtained by Saturation mutageneaia 

15 The QuikChange Site-Directed Mutagenesis Kit (Stratagene, Cat. 200518) was used to 
substitude successively wild type amino adds at defined poaitions of the s-GDH-protein 
or of s-GDH-mutantfi (plasmide purification as discribed above) with other random 
amino acids. 

The 5"- and the 3 '-primer used for mutagenesis were complementary to each other and 
20 contained NNN in a central position. These nucleotides were flanked by 12 to 16 
nucleotides at each end. The sequences of the nucleotides were identical to the cDNA- 
strand or to the complementary cDNA-strand flanking the codon for the amino add 
that had to be substituted. Instead of the codon» the primer contained NNN thercfoi the 
oligonucleotides code for every codon. 

Roche DU^nostitt GmbH 1 5499/00/EP- WN 
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: at position 348 (mature enzyme) change from T to S 



: at position 369 (mature enzyme) change firom N to H 



: at position 413 (mature enzyme) change firom S to N 
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For every defined position, one PGR reaction was performed. 

The PCR-reactians and the DpnI-restrictlonendonuclease digestions were performed 
according to the manual. 

After that, 1 ^1 of each reaction was used for the dectroporation of XLlP- cdls. Cells 
5 were grown and the o-GDH-activities of &ic done* were determined as described above. 

To ensure statistically that all 20 amino adds variants were screened, 200 clones were 
tested for each position. 

The following primers where used: 

for position 340 Sense »tand EGF 5'-TCC AAC TTG TGG ANN N AT GAG 
10 CTA CAT TT-3' (- SEQ ID NO; 15) 

Antisense strand EGR 5'- AAA TGT AGG TCA TNN NTC CAC AAG TTG GA-3' 
SEQ ID NO: 16} 

for position 348 Sense stand TSF 5'- CAT TTG CTG GCC ANN NGT TGC AGO GTC 
AT-3' (= SEQ ID NO; 17) 

15 Antisense strand TSR 5'- ATG AGG GTG CAA CNN NTG GCC AGC AAA TG-3' 
(= SEQ ID NO; 18) 

for position 369 Sense stand NHF 5 -TAC TGG TTG GGA ANN NAC ATT ATT GGT 
TC-3'(»SEQIDNO; 19) 

Antisense strand NHR S'- GAA CCA ATA ATG TNN NTT CCC AAC CAG TA-3 ' 
20 (a SEQ ID NO: 20) 

for position 413 Sense stand SNP 5'-TGA TGT GAT TGC ANN NGC AGA TGG GAA 
TG-3' (= SEQ ID NO: 21) 
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Antisenac fUand SNR 5'- CAT TCC CAT CTG GNN KTG CAA TCA CAT CA-S' 
(=SEQIDNO:22) 

S The amino add changes at positions 340. 369 and 413 didn't change the substrate 
specificity. Only the wobble at position 348 did yield clones with a substrate specificity 
from 25-100 % (maltosc/giucose)* 

Numerous rounds of mutagenic PGR and saturation mutagenesis were performed. It 
was found and confirmed that positions 348 and 428 are of major importance and that 
10 exchange of other amino acids may fturther improve the specificity for glucose of 
mutated s-GDH. Representative daU and positions are given in ubie 1, 

Table 1; Examples fot a-GDH-variants with improved specificity fbr g)lucose 

Abbreviations: n.t. = not tested 
IS SA = specific activity (U/mg protein) 



Changed imino add to 
wildtype sequence 


Ghxcae 
conversion 


Maltofc conrmwa 


Gal»ctose 
conversion 


SA"" 


wild-type 


100% 


105% 




1666 


340fitoG 
348TtoS 
369 N to H 
413 S to N 


100% 


50% 


25% 


700 


22 1 to L 
295QtoL 
422 L to I 


100% 


123% 


14% 


178 


348 T to D 


100% 


80% 


n.t. " 1 


n.t. 


348 T to A 


100% 


61^ 


n.t. 


n.t. 


548TtoG 


100% 


22% 


20% 


910 


428NtoP 
348TtoG 


100% 


8% 


25% 


n.t. 


428NtoV 
348TtoG 


100% 


22% 


22% 


n.t. 
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127TtoM 

uaotoQ 

348TtoG 
428 N top 


100% 


1% 


j32% 


n.t. 


76QtoA 
348TtoG 


100% 


17% 


n.t. 


n.t 


76QtoM 
348 T to G 


100% 


18% 


n.t 


n.t. 


76QtoD 
348 T to G 


100% 


17% 


n,t. 


n.t* 


76QtoP 

348 T to G 


100% 


17% 


n,t« 


n.t. 


76 Q to S 
348TtoG 


100% 


17% 


n.ti 


n t 


76QtoG 
348TtoG 


100% 


20% 


Ji.t. 


n t 


76QtoE 
348TtoG 


im 


17% 


n.t. 


n.t. 


143 0 to £ 
348TtoG 


100% 


17% 


n.t. 


AX. 


171 YtoH 
348TtoG 

SOSKtoN 


100% 


19% 


n.t. 


n t 


171 YtoD 
348 T to G 
317FtoV 


100% 


18% 


nL.t. 


n.t. 


l27TtoS 
169LtoH 
348TtoG 
355 YtoH 


100% 


11% 


n.t. 


n.t. 


16NtoD 

120TtoS 
l77QtoR 
277 Y to H 
348TtoG 


100% 


22% 


n.t. 


n.t. 


255NtoT 
299KtoR 
348 T to G 


"liiSK ■ — 






n.i. 


227HtoY 


100% 


18% 


n.t 


n.t. 
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Purification of mutant s-GDH T348G 

The grown cells (LB-Amp. 37 X) were harvested and reauspended in pota^num 
5 phosphate buffer pH 7.0. Cell disruption was performed by French Press passage (700- 
900 bar). After centrifugatlon the supernatant was apptied to a S-sepharose (Pharmacia) 
column equilibrated with 10 mM potassium phosphate bufifer pH 7.0. After washings the 
s-GDH was eluted using a salt gradient 0-1 M NaQ. The fractions showing GDH 
activity were pooled, dialysed against potassium phosphate buffer pH 7.0 and re- 
10 chromatographied on re-equilibrated S'Sq>harose column. The active firactions were 
pooled and subjected to a gel filtratioa using a Superdeac^ 200 column (Pharmacia). The 
active fractions were pooled and stored at -20 ^C. 

Enacvmc aasa v and Protein determination of mutant Tg4a G and wildtyp e GDff 

Protein deternination waa performed using the Protein Assay Reagent no. 23225 from 
15 Pierce (calibration curve with BSA, 30 Min. 37 ""C). 

The GDH samples were diluted at Img protein/rol with 0.0556 mM pyrollo-quinoline 
quinonc<pqq)i 50 mM Hepes; 15 mM CaCl2 pH 7.0 and incubated at 25^ for 30 
minutes for reconstitution or activation. 

After activation 50 ^1 of sample were added to 1000 ^1 of a 0.2 M citrate buffer solution 
20 (pH 5.8; at 25 *C) containing 0.315 mg (4-(dijTiethylpho$phinylmcth^)-2.methyl- 
pyTa2olo-[l.5a]-imidazoI-3-yl)-(4-nitrosophcnyl)-amine (see patent US 5,484,708)/ml 
and 33 mM sugar). 

Extinction at 620 nm is monitored during the first 5 minutes at 25 ""C. 

One Unit enzyme activity corresponds the conversion of 1 mMol mediator/min under 
25 the above assay conditions 

Calculation: Activity » (total volume * dEftrnn [ U/ml}) ; (e * sample voliune ^ 1 ) 
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(e6»i„» = 30[1* ramol-' * cm ■']). 

The assay waa performed with glucose, maltose and galactose (Merck, Germany). 



Sample 


Specific activity U/xngProtein 
(glucose as substrate) 


% maltose/glucose 
coiivernon 


% galactose/glucose 
conversion 


wilde-typc 


1000 


105% 


30% 


Mutant T34BG 


910 


22% 


20% 



5 



The wild-type and mutant T348G of $-GDH were applied for ^ucosc dcterminatiou. 
The reference samples contained 65 mg gluco»c/dl . The "test"-8amplcs contained 65 
10 mg glucose/dl and 130 mg/dl maltose. The same amounts of GDH activity (U/ml; see 
enzyme assay) were used for each assay. 

In a cuvette was mixed: 

I ml 0.315 mg (4-(dimeth>4pha8phinylm€thyi)-2'methyl-pyrazolo-[1.5al-imidazol-3- 
yi)-(4-nitrosophenyl)-aminc/0,2 M citrate pH 5.8 ml 

IS 0.015 ml sample (glucose or glucose maltose) 

0.045 ml H2O 

The assay was started adding 0.050 ml 90 U/ml s-GDH . The change of absorption at 
620 nm was monitored. After 5 minutes constant values were observed and the dE/S 
min calculated. The value obtained measuring the reference sample with wild-type &- 
20 GDH was set to 100%. The other values were compared to this reference value and 
calculated in %. 



Roche Diaanostia GmbH 1 5499^EP«WN 



Printed:26-04-2001 



29 



RCV . \'0\ : EPA -Ml JENCHEN 05 : 27 - 1 0 - O : 1 7 : J H ; 

27-10-2000 EP001 2351 2.6 



-30- 





65 mg/dl 
glucose 


65 mg/dl glucose and 130 mg/dl 
maltose 


Wild-type s-GDH 


100% 


190% 


mutant s-GDH 
T348G 


100% 


130% 



It can be dearly seen that the Mglucose-value" measured is markedly less impaired when 
5 the mutated s-GDH is used in this determination. 
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PatentCUimi 

1. A mutant of the soluble form of EC 1.1.99.17 also known as PQQ-dependent soluble 
^uco&e dehydrogenase (s-GDH) said mutant 
characterized in diat 

5 it has an at least two-fold inaeased substrate tpecifidQr for glucose> as compared to 
at least one other selected sugar substrate. 



2. The mutant according to claim 1 
further characterized in that 

said selected sugar is selected from the group consisting of maltose and galactose. 



10 3. The mutant according to claim 1 or 2 
further characterized in that 
said selected sugar is maltose. 



4. The mutant of PQQ-*dependent s-GDH according to Claim 1 
further characterized in that 

15 said substrate specificity for ^ucose is improved at least 3-fbld. 

5. The mutant of PQQ-dependent s-GDH according to Qaim I 
further characterized in that 

said substrate specificity for glucose is improved at least 5-fbld. 



6. A mutant of the soluble form of EC 1 .1.99. 17 also known as PQQ-dependent soluble 
20 glucose dehydrogenase (s-GDH) said mutant 
characterized in that 

a) the substrate specific reactivity towards glucose is essentially comparable to that 
of the wild-type enzyme, and 

b) the substrate specific reactivity towards maltose is 30% or less as compared to the 
25 wild-type enzyme. 



7. The mutant according to claim 6 
further characterized in diat 
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add substrate specific reactivity tQWard« maltose is 20% or less as compared to the 
wild-type enzyme. 



8. The mutant of a PQQ-dependent s-GDH according to any of claims 1- 7 
further characterized in that 
5 the wild- type s*GDH is isolated from a strain of the Acinctobacter species group 
consisting of 

A calcoauticus and A. baumanni. 



9. A mutant protein of PQQ-dependent s-GDH according to any of claims 1-8 
comprising at least one amino acid residue substitution at an amino acid position 

10 selected from the group comprising positions 348 and 428 of the corresponding s- 
GDH wild- type sequence known from A cakoaceticus. 

10. The mutant protein of claim 9 
further characterized in that 

the amino acid residue threonine at position 348 is substituted with an amino acid 
15 residue selected from the group consisting of alanine, glycine and serine. 

11. The mutant of daim 10 
further characterized in that 

at least one of the following amino acid residues 16, 116> 120, 127, 169, 171, 177, 
227, 255, 277, 299, 317, 355 and 438 is also substituted. 

20 12. The muUnt of daim 9 

fiirther characterized in that 

asparagine at position 428 is substituted with an amino add residue selected from 
the group consisting of, leucine, proline and valine* 

13. A mutant protein of PQQ-depcndent s-GDH according to any of claims 1-8 
25 comprising at least two amino acid residue substitutions, said substituted amino add 
positions being selected from the group consisting of positions 16, 22,76, 1 16, 120 
,127, 143, 168, 169, 171, 177, 227, 231, 255, 277, 295, 299, 308, 317, 348. 355, 422, 
428 and 438. of the corresponding mature A. ealcoaceticus soluble PQQ-dependent 
s-GDH, 
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characterized in that 

at leaA of the amino acid residues, TM8 or N428 la replaced. 

14. The mutant protein of claim 13, 
further characterized in that 
5 at least two of the amino adds in positions 76, 348 and 428 are substituted. 

15» The mutant protein of claim 13 compriaing substitutions of the amino acid residues 
at positions 348 and 428. 

16. A mutant protein of PQQ-dependent s-GDH comprising the amino add sequence 
of WPXaaVAPS (SEQ ID NO: 1), wherein said Xaa residue is an amino acid residue 
10 other than threonine* 



17. The mutant protein of claim 16 
further characterized in that 
said Xaa residue is glycine. 



18. A mutant protein of PQQ-dependtnt $-GDH comprising the amino acid sequence 
IS of TAGXaaVQK (SBQ ID NO: 2), wherein said Xaa residue is an amino acid residue 
other ^Oian asparagine. 



19. The mutant protein of daim 18 
further characterized In that 
said Xaa residue is proline. 



20 20. A mutant protein of PQQ-dq)endent s-GDH comprising the amino acid sequence 
of ADGXaaNGL (SEQ ID NO: 3)> wherein said Xaa residue is an amino acid residue 
other than g)utamine. 

2L The mutant of daim 20 
further chaxacterized in that 
25 said Xaa residue is selected from the group consisting of aspar tic acid, glutamic add, 
methionine! proline, serine^ alanine or glycine. 
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22. An iaolated polynucleotide encoding the s-GDH mutant protein according to any of 
daims 9 to 23. 

23. An expres&ion vector comprising an isolated polynucleotide as delSned in claims 22 
operably linked to a promoter sequence capable of promoting the expression of said 

5 polynucleotide in a boat cell. 

24. A ho«t cell comprising the expression vector of claim 23. 

25. A procesa for producing s-GDH variants comprising culturing the host cell of claim 
24 under conditions suitable for production of the enzyme variants. 

26. An expression vector comprising an isolated polynucleotide aa defined in claim 24 
10 operably linked to a promoter sequence capable of promoting its expression in a 

cell-free peptide synthesis system. 

27. A process for producing s*GDH variants with the construct of daim 28 in a cdl-free 
peptide synthesis system under conditions suitable for production of the said 
enzyme varianta. 

15 28. An improved method of detecting, determining or measuring glucose in a sample 

using a s-GDH mutant according to any of the proceeding claims, said improvement 
comprising a more specific detection of glucose. 

29. The method of claim 30 
further characterized In that 

20 said detection, determination or measurement of glucose is performed using a 
sensor or test strip device. 

30. A device for the detection or measurement of glucose in a sample comprising a s- 
GDH mutant according to any of claims 1-31 and other reagents required for said 
measurement. 
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Abstract 



The present invention relates to improved varianU of soluble pyrroloquinoline quinone 
(PQQ)-dependent glucose dehydrogenases (s*GDH)> to genes encoding mutated s- 
GDHi to mutant proteins of s-GDH with improved substrate specificity for glucose, and 
5 to different applications of these s-GDH variants, particularly for determining 
concentrations of sugar* especially of glucose in a sample. 
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SEQUENCE LISTING 



<110> Roche Diagnostics GmbH 

<120> New fiinm of soluble Pyrroloquinoline Quinonc-dependent Glucose 
S Dehydrogenase 

<X30> 5499/00/lP 

<140> 
10 <141> 

<160>22 

<170>PatentInVer. 2.1 

15 

<210> 1 
<2n>7 
<212>PRT 

<213> Adnetobacta calcoacedcus 

20 

<400>1 

Tip Pro Xaa Val Ala Pro Ser 
1 5 

25 <210> 2 
<211>7 
<212> PRT 

<213> Adnetobacter calooaoeticus 

30 <400> 2 

Thr Ala Gty Xaa Val Gin Lys 
1 5 

<210> 3 
35 <211>7 
<212> PRT 

<213> Adnetobacter calcoaceticus 
<400>3 

40 AlaAspGlyXaaAsnGlyLeu 
1 5 

<210>4 
<211> 26 
45 <212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Scquence:«eiise primer 
SO GF23 
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<400>4 

cg^cacgt^ catgccgccg atgttc 26 

<210>5 
5 <21l>23 
<212>DNA. 

<213> Artificial Sequence 
<220> 

10 <223> Deacription of Artificial Sequence:antiwn8e 
primer GR23 

<400>5 

gocggccagtgttittettttcta 23 

15 

<210>6 
<2H>20 
<212> DNA 

<213> Artificial Sequence 

20 

<220> 

<223> Description of Artifidal Sequenceisense pzixner 
GDHF2 

25 <400> 6 

ttaacg^ct gaaca^cgg 20 

<210> 7 
<2ll>20 
30 <212> DMA 

<213> Artificial Sequence 

<220> 

<223> Desaiption of Artificial Sequenccscnae primer 
J5 GDHF3 

<400>7 

gatgc^tg ggcagMt^ 20 

40 <210> 8 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
45 <220> 

<223> Description of Artificial Scquencr.9en$e primer 
GDHF4 

<400>8 

50 atatg^taa agtactacgc 20 
<210> 9 
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<211> 20 
<2I2>DNA 

<213> Aitlfidal Sequence 
5 <220> 

<223> Description of Artificial Sequence:sen>e primer 
GDHP5 

<400>9 

10 acgatccoactlstggfieBg 20 

<210> 10 
<211>20 
<212> DNA 
15 <213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequenceiantisense 
primer GDHRl 



20 



<400> 10 

cgattaagtt gggtascgcc 20 



<210> 11 
25 <211>20 
<212> DNA 

<213> Axtifidal Sequence 

<220> 

30 <223> Description of Artificial Sequencewnttsense 
primer GDHR2 



35 



40 



<400> 11 

atscgguu tgaraccacE 20 

<210> 12 
<211>20 
<212>DNA 

<21 3> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence»ntisenfle 
primer GDHR3 

45 <400> 12 

gggccttgtt cagac^caa 20 

<210> 13 
<211>20 
SO <212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequenccantitaue 
prima GDHR4 

5 <400> 13 

caagacgacc tgactgatgg 20 

<210> 14 
<2n>20 
10 <212> DMA 

<213> Artifidal Sequence 

<220> 

<223> Desra^tion of Artifidal Sequcnceiantisense 
13 pximerGDHRS 

<400> 14 

cataacaacgcgtgcggctt 20 

20 <210> 15 
<211>29 
<212> DMA 

<213> Artifiddl Sequence 
25 <220> 

<223> DescxwtiQn of Artifidal Sequenoeisense primer 
EGP 

<400> 15 

30 tccaacttgtgBBiumatgacctacattt 29 

<210> 16 
<2n>29 
<212> DMA 
35 <213> Artificial Sequence 

<220> 

<223> Description of Artifidal Sequencetantiaeiue 
primer EGR 

40 

<400> 16 

aaa^taggt catnnntcca caa^^ttgga 29 

<210> 17 
43 <211>29 
<212>DNA 

<213> Artifidal Sequence 

<220> 

SO <223> Description of Artifidal Sequence:8en8e primer 
TSF 
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<400> 17 

catttgctggccannngttgcaccgtcat 29 

<210> 18 
3 <211>29 
<212>DNA 

<:213> Artificial Sequence 
<220> 

10 <223> Description of Artificial Sequenceantisense 
primer TSR 

<400>18 

B^tu^gtgcaacnimtgg;cc8gcaaa1;g 29 

IS 

<210> 19 
<211>29 
<212> DNA 

<213> Artificial Sequence 

20 

<220> 

<223> Detcriptioii of Artificial Sequenceisense pzimer 
NHF 

23 <400> 19 

tact^;t^gaannnacattattsgttc 29 

<210>20 
<21l> 29 
30 <212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequencetantisenae 
33 primer NHR 

<400>20 

gaaccaBttatgtnonttcc caaccagta 29 

40 <210> 21 
<211>29 
<212> DNA 

<2L3> Artificial Sequence 
45 <220> 

<223> Description of Artificial Scquence:sense primer 
SNF 

<400> 21 

50 tgatgtgattgcannnccagatgggaatg 29 

<210> 22 
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<2ll> 29 
<212>DNA 

<213> Axtificial Sequence 

5 <220> 

<223> De«CTiption of Artificial Sequence:antiaenM 
primer SNR 

<400> 22 

10 cattcccatc^gpnntgciatcftcatca 29 
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Pigurc 1: DNA Md protein aequance of A. calcoacotlcu« b-GDH 
(without slgcuilpaptid*} 

5 1 GATCTTC<nX:TAACn'CCATCTCAATTTGCTAAMOGAAATC^^ 50 

IIIIMIIIIIIIIIIIIltllllMIIIIIIIIIMIIIIillllMII 

X AopvalProLBuThrProaBrGlaPheAlaiiy»ALatiy«fiBrGluABnPh 17 
. • • • • 

51 TGACyU^GAAAOTTATTMATCTAXTCTAAATAACCCGCACOCOTTCSTTAT 100 

10 I M I I i i I ! 1 1 ! I I 1 1 1 1 1 1 1 1 1 1 1 1 1 M 1 1 i ! 1 1 1 M 1 1 1 1 1 1 1 1 1 1 1 1 

18 eABpLysLyiValIleL^U9erAsnX«suAflnIiysPxoHiaAlaLeuL»euT 34 

• > V • • 

101 90CK)ACCAC3ATAATCAAATTTGanAACTGAOCaAOCAAC^^ 150 

MIMIIllllinilllllMIIIIMMllMIMIMlllMMIII 

15 35 rpOlyFroAspABnOlnlXeTcpLeuThrOluAraAldThrOlyiiyalle 50 

• • • • • 

151 CTAAGAGTTAATCCAOAaT(mKI^TAdfrOTAAAAACAGTTTTTCAGGTACC 200 

1) 1 1 It I i I M 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 M I 

$1 L«uArgValA»nPpo61u8exGly8ervalLyflThxrvalPh«OlnVaIPr 67 
20 ..... 

aoi AaAaATTtlTCAATGtfVTGCTQATO<3GCAGAATGOTTTATTAOOT^ 250 

IIIIIIIIIIIIIIIIIIIIIIIMIIIIIiillltMlllilllllMI 

68 oGluIlevalAflOAspAlaAapGlyGllxiAanOlyLeuXieuGlyPheAlaP 84 

• • • * ■ 

25 2S1 TCCATtXTGATTTTAAAAATAATCCTTATATCTATATTTCAOGTACATTT 300 

1 1 1 1 1 1 1 M M 1 1 1 1 1 1 1 1 1 1 i 1 1 M { 1 1 M 1 1 1 1 1 1 < ! 1 1 1 1 M i M 1 1 
B5 heHisProAspPheLysAsnAsnProTyrllaTyrlleSarGlyThrPha 100 

« • • 4 • 

301 AAAAATCCOAAATCTAOlGATAAAGAATTACOOAACCyu^CaATTATTCQ 350 

30 It I I ! I I I I I I I I I I I I I I I I I I I I I I I I I I I I I [ 1 I I M I I I I I I I I I i 

101 LysAaAProi^yflSerThrAflpLysQluXiauProABx^lAThrXlexlaAr 117 
351 TCGT^ATACCTATAATAAATCAACASATACaCTCOAQAAOCCAGTC^ 4 DO 

1 1 1 1 1 1 1 ! 1 1 1 1 1 1 1 ! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 n I I I i I i I I I I I I 

35 Xia gArgVyrThrTyrAanLysSarThxAspThrLauQluijyaProValAapLi 134 

401 TATTAaCAOOATTACCTTCATCAAAAGACCMCAGTCAGOrCGTCTTQTC 4 50 

1 I I i I I I I I I I I { I I I i i I I M I I I M. I I I I I I I I i I I f I i i I I I I I M I 
135 euX^euAlaGlyLeuProsersartyflAapHiBainfiarGlyArgLeuVal ISO 



40 



60 



451 AT*I\30OCCAQATaUUACU^TTTATTATACGATXOTTOAC^^ 500 

llllllillllllllllllllllillllllllMMIIIllliniMII 

151 ZlsGayProAapQlm^axlaTyrTyrThrlleaiyAapGlAGlyArgAa 167 



45 501 CClMMTT^TTATTTGTTCTTGCCAAATt^y^CAC^^ 5S0 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 It i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 n I 1 ! I 

165 AGlnlieuAlaTyrLeuPhelHiuPraAsnOlaAlaGlnHjlaThrProThrCl 194 

• i • • • 

551 AACAAGAACTCaMTGOTAAAOACTATCACACX!TATATGGGTA/^^ 6 00 

so 1 1 1 i I i I j 1 1 1 1 1 1 i 1 1 M 1 1 1 1 1 n 1 1 1 1 ! i 1 1 1 i 1 1 M 1 1 1 i 1 1 1 1 ! I 

IBS lnCllnQluX'«u;^iiaiyby«A«pTyzKlsThrTyrM«e01yt.x«ValL«u 200 

601 CaCTTAAATCTTQATGOAAGTATTCCAAAQaATAATCCAAGTTTTAACQQ 650 

I IMIItlMlllllllillinilllllllMIIIIIMIIIIIIIIil 
95 201 ArgLeuAaALeuAspOXySerlleProLyBAapASAProSerPheABnOl 217 

• • « • * 

6 SI 09T90TTAOCCATATTTATACACTTQGACATCG1*AATCCOCAGGGC^ 700 

llliniMIIIIIIIMIMIIIIIillMMMIfinillllMlM 

215 yValValSarKlBlleTyrThrljauGlyKiBArSfAWlProalnGlyljeuA 234 



701 CATTCAerCCAAATOGTAAATTATTQCAaTCTGAACAAGGCCCAAACTCT 750 

IIIUIIIIIIIIIIIMIIIlllllllllMIIIIIIIMIIIIinil 
235 laPhaThrProAanQiyiiysLeuljeuGlASarGluOinaiyProABnSer 2S0 
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Figure 1; contlaued (aecond and l«tt page) 



10 



13 



20 



25 



30 



35 



40 



45 



SO 



751 



251 



801 



BSl 



2S5 



901 



301 



0AaUlTaMATTMCCTCATT(m:jUUk«m»CJU^TTATaSTT6aCCQAA a 00 

llllillilllllll!IMIIIIIIIIIIIIil!llliillli;illllt 
MpAfpGlulleAsnteullevalLytOlyOlyABnTyrQlyTrpsroJ^ 3e7 

TGTAaCAGGTTATAAAaATaATACTGGCTATGCrTATOCAAATTATTCAG «&0 

lilllllillilMlllllillllllllillllilllllllliillllii 

nValAlaOlyTyrLyaAspABpSArOlyTyrXlaTyrAlaAAnTyrSerA 2 84 



CAQCJ^OUiTAAGTCAXTTAAOGArrTAGCTGAAAATCK^ 

illilllllllMillMlllllllllllllllllllllllllllllill 

1 aAIaAl aAinLya Serl I BLyaXapIittuAI aOlnAsnOlyVal LyaVa 1 



90C 



300 



<K:cocAa<»K3TCCxrrcn%*AcoAAAa^ 950 

1 1 : 1 1 1 1 1. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 M 1 1 1 1 1 i I M 

AlaAlaGlyValProValThrLysGluSdrGluTrpThrGlyLyaAsnPh 3 17 



951 TGTCCCACCkTTAJUJUVCTTTATATJ^MOTCAAflATACCTA 1000 

I M I I I I I I I I I I I I I I I I I I I I I M I I I I I I I I I ! I I I I I I I I I I I I M 
3X9 evalPiroProifeuiiyvThrLeuTyrziitvaiaiAAapThrTyrAaaTyrA 134 

1001 ACGXTCx:AAcrraTGaAGAGAraAccTACArrTGCTQCK:cAAc^ 10s 0 

I iMiiiint!iiiiiiiiiiiiiiiiiiiiniiiiiiiiii!iiiii 

335 snAflpProThrCyflOlyGluMetThrTyrlleCyflTrpProThrValAla 350 

1051 CCGTCATCTGCCTATGTCTATAAGGGC60TAAAAAAGCAATTACTOC3TTG 1100 

IIMItilMlltlllllllllllllllllllllllllllllilllllll 

3S1 ProfierSarAla'XyrValTyri.yaQlyQIyLyaXiyaAlailaTKrOlyTr 3€7 
XlOl CX^AAAATACATTATTGOrTCCATCTTTAAAACGTGGTOTCATTTTCCGTA 1150 

MIIMIIIIIIIIhlllMIIIIMIIIIIIIMIIIIIIlllllill 
366 paiuAanilirLeuiiauvalProMrii^uiiy^ArgQlyv^liIaPhaArgi 384 

Xl^X TTAAOTTAOATCCAACTTATAOCACTACTTATOATQACQCXOTACCgA 1300 

Miiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

385 l«Ly«LttuAapProTbrTyriarThrThrTyrAapAspAlaValPToMet 400 

• ■ • • • 
1201 TTTAAGAGCAACAACCOTTATCCrraATOTaATTaCAAaTC^ 1350 

I 1 1 ! 1 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 M 1 1 1 1 1 1 1 1 1 1 1 1 1 i i I 
401 PhaZiyBfiarAanAanArgTyrArgAapValileAlafierFrQAapOlyAfl 417 

• • • • ■ 
1251 TGTCTTATATXSTATTAACTGATACTGCCCGAAATQTC C AAAAAGATGATG 1300 

IIIMIIIllllllllllinillllilllllllMMIIIIIIIMItl 

418 nValLauTyrValljauThrAapTlirAlaOlyAanValGlnLyaAapAapO 434 
1301 GCTCAGTAACAAATACAITAGAAAACCCAGGATCrCXCATTAAGTXCACC 1350 

IIMIIIIIMMIIIIIIIIilllllllllilllllllllllllMIII 

435 lyfiarValThrAanTfarLauOIuAanProGlyfiarLauTleLyaPbaThr 450 
1351 TATAAOaCTAAO 1362 

IIIMIIIIIIt 

451 TyrLySAlaLys 454 
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Figure 2i Amino acid sequances ot A. caIcoae«ticus (top) and 
A. baumannii (bottom) 

• . • • « 

S 1 OVPLTP9QFAKAK9WFDKlCVIbSMl4£nCPHAIjLW09DHQXWIiTEHATOKt SO 

hIMMIIIIMIIIIIMIIIIillllllllllllllilllillli 

I DZPLTPJU^FAKAJCTZNroiCXVZLSNLfirXPHALLVVGPDIilQIWLTEMTO 50 

• . • » « 

51 LKVNPSSG8VKTV7QVPEXV>n;>ADGQNGLI.GFAraPDF7W^yiYI93T^ ZOO 

10 I U 1 1 Ml 1 1 1 1 1 1 M M - i M M 1 1 1 1 n 1 1 1 1 1 1 1 . 1 1 1 1 1 1 11 i I 

SI LTrWPVeSeAKTVPQVPSlVeDADGQMGLMPAPHPDrKBWPYlVISSTF 100 
101 KNPKfitT)KBliPK0TllRRVTYNKS'PDTUBKPVOLlAAflLPa8KDHQaQRLV 150 

illlllllllllllllllllllMli llhlhillllllllllllll 

IS 101 KNPIC6TDICBI.PNQTIIRRyTYKiCin:T3TPBKPIDI;IAQIjP3SKDHQ3Q 150 

l&l IGPDQKIVYTIGX:)QaiUfQlAyLFLPKQAQHTPTQQ£I^GKC)VH7yNGKVL 3 00 

I I 1 1 1 1 1 1 i 1 1 1 i M 1 1 M 1 1 M I 1 M 1 1 h 1 1 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 

ISl ZGPDQKIYYTZQDQGmfOLAyiiFLfiNaAOHTPTOOSliKSKDYHTYMGXVL 200 



20 



40 



201 RLNLXX>SZPXDNPSFNC^SHJyXliGXiWPgGLAFTPmXU4Q3£GOPNS 350 

i 1 1 1 1 1 1 1 1 M i 1 1 1 1 1 1 M 1 1 1 1 1 1 1 M 1 1 1 1 1 1 1 1 1 1 1 ! 1 1 1 1 1 1 1 1 

201 lUiNLl^ZPXIMIPSFMOVVaHiyTLOKIWPQOtAPAPKG 2S0 



23 351 DDSINLZVKOGSrVGHPirVAGVXDDSGyAyMyflAAAinCS.Xia^IAQiaGVX 399 

Ilillh.MIIIIIIIIMIIIIMIMMIIM III llllltlhl 

2 SI DDEX2ILVLKGGNyGmiVAQY]a3D60YAYI^fiJUlTOK6QXm 300 

I i » i ♦ 

300 VAAGTVPVTKEfiBWTOKMFVPPlilcrLYTVQDTTOyNlDPTCaEMTYIC^ 349 

30 II M II 1 1 1 1 II II n 1 1 1 1 i 1 1 1 1 1 i II II I II I M 1 1 II I II 1 1 II 

:>01 VAXOVPVTKBSEWTQKNFVPPXiKTLYTVODTWTOPPTCOBMAytCWPTV ^50 

350 APSaAYVyKGGlCKAZTGnNTliLVPSIiKRGVIFRZlU^ 3 99 

llllllll mill illllllllMMIMIIIIIIIIIIIl llhl 

35 3 51 APSSAyVYTGGIOUlIPGWfiNTI^LVPSXiXRGVXFRIXLDPTYSTTLD^ 4 00 

400 MPKSmniYRDVIAfiPDaMVLVVLTMAaNVQJCDDaeVTOT 449 

lllillllllllllhll liilMIIIIIIIIIIIII.IIIIIIIIIII 

401 KFKSNVRyilDVIA9PBONTl.WLTOTAGirVQ]Q)I>G9VTHTLSNPM 4S0 



450 TYKAK 454 

II I 
4 51 TYKQK 455 
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Figure 3: Platmide widi gene fer t.ODH 
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Figure 4: 


KuCl«Otid6 


(DNA) ••qa«nce of th 




1 


CACTAIiCTGA 


TTACQCACCG 


CATOTAACCG 


5 


51 


TCXCAQTTTA 


TTAACATTQT 


GATAOCTATG 




101 


GTAACTAACG 


TGTAACAGT7 


AGTrGXCAGT 


10 


151 
2C1 


A'TAAAAACCO 
TTOAATAAQA 


TTATCACAAT 
OCTTATCCCA 


ATCCCOCGAC 
TTAOGGCTAT 




2SI 


TQGOCAGTOC 


TCXKXJUUkAC 


GCGTTAOCC3T 


IS 


301 


CCCGAAGGGC 


OAOCGTAaCG 


A6TCAAACCT 




351 


CdOTTTTTQC 


QCOCTGTCOO 


TOTCCAAACT 


20 


401 
451 


70GOA.TAOGC 
CTOAACAGGC 


TCTAAATACG 
GOGICATTTTT 


CTTCGGCGTT 
TTAGGCTATA 




501 


OCPXCCATOA 


ATAAGAAOGT 


ACTGACCCTT 


25 


551 


GTTATTCCSGC 


GCOCACGOGC 


ATGCCGCCGA 




601 


AATTTQCTAA 


AGCOAAATCA 


OAGAACnTG 


SO 


6S1 
701 


AATCTAAATA 
GTTAACTGM 


AOCCGGA03C 
OGAGCAACAG 


QTTQTTATOG 
GTAAGATTCT 




751 


GTAGTGTAAA 


AACAOT7TTT 


CAGGTAGCAG 




p V * 




cmrTATTAQO 


TTTTGCCTTC 








TATATTTCAG 


GTACATTTAA 


40 


90^ 
951 


AAOAATTACC 
ACAGATACQC 


GAACCAAAOC> 
TCGAGAAGCC 


ATTATTCCWC 
AGTCGATTTA 




1001 


AAAAGACCAT 


CAOTCAGGTC 


OTCTTGTCAT 


45 


1051 


ATTATACOAT 


TOOTGACCAA 


OOGCWAACC 




1101 


CCAAATCAAG 


CACAACATAC 


GCCAAC7CAA 


SO 


1151 

laoi 


CrTATCACACC 
TTCCAAAGGA 


TATATOOOTA 
TAATCCAAGT 


AAOTACTAGG 
XTTAACGQGG 




1351 


CTT(30ACATC 


OTAA-roCflCA 


GQOCTTAGGA 


55 


1301 


ATTGCAGTCT 


GAACAAGGCC 


CAAACTCTOA 




1351 


TCAAAGOTGO 


CAATTATOGT 


TQGCOGAATG 


60 


1401 
1451 


AGTGGCTATG 
GGATTTAGCX 


CTTATGCAAA 
CAAAATGGiAG 


TTATTCAGCA 
TAAAAOTAOC 




1501 


AAGAATCTOA 


ATGQACTGCJT 


AAAAACTTTG 


65 


1551 


TATACCGTrC 


AAOATACCTA 


CAACTATAAC 
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Pigure 4: Continu d (seeond out of chrM pag s) 

l€Ol OACCTACATT TOCTGGCCAA CAGTTaCACC OTCATCTQCX: TATGTCTATA 

S 

Iff 51 AGGGCOGTAA AAAA9CAATT ACTCMTTG G Q AAAATACATT ATTQ9TTCCA 

1701 TCTTTAAAAC OTGGTGTCA7 TTTCCOTATT AAOTTAaATG CAACTTATAO 

10 1751 CACthCnXT GATGACGCTG TACCGAT3TT TAAOAOCAAC AACC6TTATC 

1801 GTOATOTQAT T0CMU9TCCA OATOCSGAATG TC7TATA70T ATTAACTQAT 

1851 ACTOCCaOAA ATOTCCAAAA AOATOATOQC TCAOTAACAA ATACATTAOA 

IS 

1901 AAACCCAOQA TCTCTCATTA AOTTCACC7A TAAQCXTTAAO TAATACAflTC 

1951 GCATTAAAAA ACCOATCTAT AAAOAtCQOT TTTTTTAGTr TTAGAAAAOA 

20 2001 ATrCACTOOC CGTCOTTTTA CAACGTCOTG ACT^aOAAAA CCCTGOCGTr 

20 51 ACCCAACTTA ATCMCCTTGC AGCACATCCC CCTTTOTCCA OCTQOCOTAA 

2101 TAOCOAAQAG GCCCOCACCO ATCXICCCTPC CCAACAGTTO COCAOCCTOA 

2151 ATGGCGAATG GCGCCTOATG CGOTATTTTC TCCTTACGCA TCTOTOCCOT 

2201 ATTTCACACC OCATATOGTG CACTCTCAGT ACAATCTOCT CTOATGCCOC 

30 2251 ATAGTTAASC CAGCCCCGAC ACCOGCCAAC ACCCOCTOAC GCGCCCTGAC 

23 01 GGGCTTGTCT GCTCCCOGCA TCCGCTTACA GACAAQCTGT GACCQTrCTCC 
2351 GOGACCTGCA TGTGTCAGAO OCTTTCACOG TCATCACCGA AACGCGCX3A9 

24 01 ACGAAAGGGC CTOGTOATAC OCCTATTTTT ATAGGTTAAT GTCATQATAA 
2451 TAATGOTTTC TTACAOGTCA OGTGOCACTT TTCGGGGAAA 7G7GCGCGOA 

40 3501 ACCCCTAWr QTT7ATTT7T C7AAATACA7 TCAAA7ATaT ATCCSOCTCAT 

2551 GAGACAATAA CCC70ATAAA 'TOCTTCAATA A7A77GAAAA AGGAAGAGTA 

2601 TOArWATTCA ACA7T7CCGT OXCOCCC77A TTCCCn^-rT TGCGGCATT? 

45 

2651 7aCC7TCC7G 7TTTTQCTCA CCCAGAAACO C70070AAAa 7AAAAOA7aC 

2701 TGAAGA7GAG 7TGGG7GCAC OAGTOGORrrA GA7CGAAC7G GA7C7CAACA 

SO 3751 GCX5GTAAGAT CCTrGAGAG7 T77COCCC00 AAaAACaT7T 7CCAATaAT0 

2001 A0CACTrT7A AAOOTCTQCT ATGTGGGGCG G7A77ATCCC OTATTOACaC 

2 551 CQGGCAAGAG CAACTCGGTC GC00CA7ACA CTA7rC7CAG AA7GAC77GG 

55 

2901 rrGA97AC7C ACCA07CACA GAAAAGCA7C 77AC90ATQa CATGACAS7A 

2951 AaA0AA7TA7 GCAGTGCTOC CATAACCaYO AGTGA7AACA C7GCG0CCAA 

60 3901 CTTACTTCTG ACAACGA7CG QA90ACCQAA OaAaC7AACC GC777T7TGC 

3051 ACAACATGOO GGA7CATGTA ACTOGCCTTG A70G770GQA ACCGGAGGTG 

3101 AA7GAA0CCA TACCAAACGA OaAGCG7aAC ACGACGA7GC C7a7AaCAA7 

65 
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Figure 4 


: Cor^tlnued 


(third and laot p^^e) 






3151 


OGCAACAACG 


TTOCOCAAAC TATTAACTGO 


coaactactt 


ACTCTAGCTT 


3201 




ATTAATAGAC TGGATO3AC5<3 


CGGATAAAGT 


TOCAG<3ACCA 


3251 


CTTCTQCQCT 


CGGCCCTTCC Q0CTCK3CTGG 


TTTATXGCTO 


ATAAATCTGG 


3 301 






tgcagcactg 


GQGCCAGATQ 


^ ^ ^ 




CCCTATCGTA OTTATCTACA 


CGACOOOOAG 


TCAGGCAACT 






OAAATAGACA OATCGCTCaAG 


ATAGGTGCCT 


cactgattaa 


3451 


GCATTOQTAA 


CTaTCAGACC AAGTTTACTC 


atatatajctt 


TAGATTOATT 


V -fc 




TTTTTAATTT AAAAGOATCT AGOTQAAOAT 


^^TT T' l*^iAT 


3S51 


JULTCTGATOA 

AAA W A Wn* VI 


CCAAAATCCC TTAACGTGAG 


TTTTCGTTCC 


ACTGAGCQTC 






GAAAA6ATCA AAOOAICTTC 


TTGAGATCCT 


^ A A A A 




w V V X /In X U 


CTGCTTGCAA ACAAAAAAAC 


CACCGGTACC 


jLQcesoTcicaTT 




TGT TTCSCCCSa 


ATOUlGMCT ACCAACXCTT 


TTTCCOAAOG 


TAACrrOQCTT 






CAGATACCAA ATACTQTCCT 


TGTAGTQTAO 


CC3QTAGTTAG 






CAAOAACTCT aTAGCACCGC 


CTACATACCT 


CGCTCTGCTA 






CAGTGQCTGC TGCCAOTGGC 


GATAAGXCGT 


GTCTTACCOG 




\SX X UUAb 4^wA 


AOACGAVAGT TACGGOATAA 


OGCOCAaCGG TCGGGCTGAA 






GTOCACACAG CCCAOCtTOQ 


AGCGAACSAC 


CTACACCOAA 


4901 




7ACAGCGTGA OCTATGAGAA AOCGCCACXaC 


TTCCCGAAGG 


4051 




GACAGGTATC CGOl^AAaCOQ 


CAGGOTCGOA 


ACAGGAGAGC 


AlUiL 




GCrrCCAGGG GGAAACQCCr 


OOTATCTTTA TAOTCCMTC 




WkfU X X A Sa Vl^W 


ACCTCTOACT TOAGCOTCGA TTTTTaTGAT 


GCTCGTCAGG 


4201 


GGGGCCSOAGC 


CTA'TGOAAAA ACGCCAGCAA CGCOGCCTTT 


TTACGQTTCC 


4251 


TGGCCrTTM 


CTGGCCTTTT OCTCACArGT 


TCTTTCCTOC 


OTTATCCCCT 


4301 


OXTTCTOTGO 


ATAACGGTAT TACGGCCTTT 


GAGTQAGCTG 


ATACCC3K!:TCG 


4351 


CCGCAOOCOA 


ACQACGGGGC CCG 
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